Introduction
Tempe is categorised as a low social value food, which means that tempe is only served at home as domestic food and through stall food-vendors, although tempe is consumed by people of various ages of different socioeconomic status.
Biochemical changes from soybean to tempe
Research in the tempe field has shown its potential health benefit, possibly due to biochemical changes during soybean fermentation. During tempe processing, there are valuable changes not only in the increase of nutritional values of some nutrients in soybeans, but also in the development of vitamins, phytochemicals and antioxidative constituents.
Protein
Although the protein content of tempe and unfermented soybeans is almost the same, the soluble protein content increases sharply due to the action of protease enzyme produced by mould during fermentation. Furthermore, the quality of protein in tempe is slightly higher than in unfermented soybean. 5 The soluble nitrogen content in unfermented soybeans is 3.5 mg/g, compared to 8.7 mg/g in tempe. Additionally, following 48 h of fermentation, most amino acids decrease in the range of 3.62-27.9%. According to Murata et al. total amino acids content decrease but the free amino acids increase sharply, possibly due to strains of Rhizopus using amino acids as a source of nitrogen for growth (AJ Graham et al., unpubl. data, 1995) . 6 
Lipid
The lipid content of tempe is lower than that of unfermented soybeans. It has been shown that during soybean fermentation the lipase enzyme hydrolyses triacylglycerol into free fatty acids. These fatty acids are used as a source of energy for the mould resulting in lower lipid content in tempe. 
Minerals
Trace mineral (iron, calcium and cuprum) levels were not influenced by the fermentation process; even so, their solubility increased sharply. Most of the iron in soybean is present as organic iron, which is bound to protein and other organic compounds. Total soluble iron increases from 24.29% in unfermented soybean to 40.52% in tempe and during fermentation soluble iron increases 66.51%. 5 Protein is broken down resulting in free amino acids, peptide or simple proteins. As a result, the iron is liberated from the ironprotein complex, thus increasing soluble iron. Astuti et al. have shown that tempe is a good source of available iron. 5 Calcium content decreases during the fermentation, but is not clearly understood. Calcium is possibly released from the bridge of phytate-protein during digestion of complex compound and lost together with bound water, which may be released during fermentation.
Vitamin B, B12 and tocopherol
The levels of vitamin B-complexes increase except for thiamine. Okada reported that vitamin B12 content of fresh tempe bought from Indonesia was 4.6 µg/100 g, the range from tempe prepared with R. oligosporus NRRL 2710 in Japan was 0.03-0.06 µg/100 g 8 . It seems that vitamin B12 is mainly produced by bacteria other than mould. During the soaking of soybeans, Klebsiella pneumonia is developed and produces vitamin B12. 8 Tocopherol composition changes during fermentation. Except for α-tocopherol, the levels of beta, gamma and delta tocopherol increases. Even though β-tocopherol has only 40% of the biological activity of α-tocopherol, an increase of 222.5% in beta tocopherol adds value to the natural antioxidant activity of tempe.
Phytic acid
Phytic acid is reduced by about 65% as a result of the action of phytase enzyme produced by R. oligosporus. 9 Phytic acid is known as an antinutrient factor which is able to bind divalent minerals, thus lowering the mineral bioavailability. Therefore, the decrease in phytic acid has a beneficial effect on mineral bioavailability. 5 
Oligosaccharide
The level of glucose increases sharply during tempe fermentation, possibly a product of the digestion of complex to simple carbohydrate. Starch, stacchyose, raffinose and sucrose in soybean are all decreased during tempe processing. 10 
Isoflavones
Isoflavones are oestrogenic compounds which have been reported to have many health beneficial effects. György et al., Zilliken and Murakami et al. reported that tempe contains isoflavones. [11] [12] [13] Hutchins et al. compared the urinary isoflavonoid recovery between groups fed with fermented soybeans in the form of tempe and unfermented soybean in the form of tofu. A greater increase in urinary isoflavonoid recovery in the fermented-soybean group suggests that fermentation increases the availability of isoflavones in soy. 14 relatively high compared to other soybean products such as tofu and soy beverages. [15] [16] [17] [18] Superoxide dismutase Superoxide dismutase (SOD) is a new enzyme, found in 1969. All biochemical living cell systems produce superoxide radicals, which cause a toxic effect to cells, thus every normal cell will have a defence system to protect the cells against the action of free radicals, such as superoxide anions. 19, 20 The free radical scavenger, SOD, is present during the fermentation process (M Astuti et al., unpubl. data, 1996) . At the early state of fermentation, no SOD is present, but after 24 h of fermentation it gradually increases until up to 60 h of fermentation then starts to decrease, possibly due to a decrease in mould growth which is influenced by environmental conditions, such as pH. The presence of SOD in tempe is concomitant with the mould growth.
Health aspects of tempe
Flatulence and diarrhoea A decrease in oligosaccharide, especially raffinose and content during tempe processing eliminates the flatulence problems observed when consuming soybeans. Tempe is essentially non-flatulent when it is fed to human subjects. 20 Van Veen and Schaffer observed the health benefits of tempe in preventing diarrheal problems in prisoners in Java. Individuals who did not consume tempe in their diet suffered from diarrhoea due to the bad sanitation of the prison. 21 A relevant thesis paper studied the effect of tempe on E. coli infection in a rabbit model. One group was given a diet containing tempe, the other were fed on a diet without tempe. After 4 weeks of feeding, both groups were infected with E. coli and observed for 14 days. Diarrheal symptoms occurred in 36% of the rabbits in the tempe group and 64% in the group without tempe. 22 
Lipid-related health matters

Lipid-lowering effect
The effect of a tempe-rich diet on cholesterol levels was reported by Mangkuwidjoyo et al. Tempe had a positive effect on cholesterol level and histopathological changes in liver and arteries of rats after a 4-month feeding trial. 23 Tempe constituents inhibit the enzyme which is responsible for biosynthesis of cholesterol and prevent the oxidation of low-density lipoprotein (LDL) thus minimise the production of plaque in arteries (M Astuti, unpubl. data, 1997). 1 The role of tempe on lipid profiles and lipid peroxidation has been studied by Astuti, using three groups of anaemic rats fed with casein, unfermented soybean and tempe as a source of protein and iron. 5 Protein source affected the serum lipids. Unfermented soybean and tempe groups tended to have lower levels of total cholesterol and triacylglycerol. Tempe feeding depressed lipid peroxides in the serum and liver, which could be correlated with the action of natural antioxidants in tempe. Isoflavonoids are able to form chelate complexes with iron which are efficient in inhibiting ferrousiron induced lipid peroxidation (HC Jha et al., unpubl. data, 1990) . The hypocholesterolaemic effect of tempe was investigated by Astuti et al. using hyperlipidaemic rats, fed with tempe as a source of protein at varying concentrations (0, 25, 50, 75 and 100%) for 2 months. Lipid profile, lipid peroxide and superoxide dismutase activity were evaluated in rats' serum. Bile was then collected to evaluate a potential mechanism for cholesterol reduction. The result showed that tempe feeding lowered the cholesterol level in the tempe group, possibly due to the high content of cholesterol released from the liver through the bile (M Astuti, unpubl. data, 1997). According to Gorcia Hermosilla et al. free fatty acids in tempe inhibited the action of hydroxymethyl glutaryl CoA reductase, an enzyme which is responsible for cholesterol synthesis in the liver. 25 Hypocholesterolaemic properties of tempe in human subjects were studied by Astuti et al. in a feeding-trial of instant tempe-formula on 24 (8 male, 16 female) volunteers. Each respondent drank the formula daily for 3 months. The lipid profile, malondyaldehyde (MDA) and uric acid levels were measured in serum of each respondent as baseline before the feeding trial, every month during the feeding and 2 months after the feeding trial. (Malondyaldehyde is one of the products from the decomposition of fatty acid in lipid peroxidation. It is able to reach cell and tissue, thus resulting in cell damage. It does not only damage lipid molecules, but also non-lipid biomolecules, such as protein and nucleic acid. Damaged nucleic acid, especially in the nucleus, may cause gene mutation, which is able to promote cancer.) It showed that during the feeding trial, total cholesterol decreased 8.6% and 10.25% in males and females, respectively, but then increased in the same level of initial stage for both male and female respondents after 2 months of not consuming tempe formula. The LDL cholesterol levels decreased 12% in male and 9.67% in female respondents and then increased 9% in males and 15.5% in females after 2 months of not consuming the tempe formula. Lipid peroxidation which is expressed as MDA decreased 23% for both male and female respondents and then increased 13% in males and 15% in females after 2 months of not consuming the tempe formula. Uric acid level did not differ from baseline in the male group, but decreased about 14% in the female group, then increased in the same level of initial stage after 2 months of not consuming the tempe formula. Even though this was an uncontrolled study, these results are encouraging. The effect of tempe on SOD modulation was studied by Astuti, by using 45 copper-deficient male Wistar rats which were divided into five groups of nine rats and were fed with diets of different tempe concentrations (0, 25, 50, 75 and 100%, respectively) for 45 days. Copper is known as an important trace mineral acting as a cofactor of SOD. The activity of SOD and lipid peroxidation were evaluated from the serum. The highest inhibition of SOD against lipid peroxidation and the lowest level of MDA were found in rats on the 100% tempe diet as a source of protein and copper. 28 Copper as a component of SOD plays a dual role in SOD activity, as a cofactor as well as regulator. 29, 30 Menopausal symptoms There are studies reporting a lower incidence of menopausal symptoms in Asian populations consuming high levels of soy, such as Japan, China, Korea and Indonesia. These oestrogenic compounds may play an important role in the prevention of menopausal symptoms. 31, 32 Trials to date have not been properly designed to determine whether these compounds act similarly to oestrogen in alleviating menopausal symptoms. There is no epidemiological data specifically on menopausal disorders in populations with a very high intake of tempe.
Possible role of tempe in cancer prevention
Recently, attention has also focused on the potential role of soybean products in reducing cancer risk. Asian countries have among the lowest rates of common cancers in Western society such as breast, prostate and colon cancer. 33 The protective effect of a diet high in soy may partly explain it. An epidemiological study on colorectal cancer in Japan found that frequent consumption of soybeans and tofu markedly decreased both rectal and colon cancer risk. 34 Kiriakidis et al. demonstrated that tempe, especially its glucolipids, inhibits the proliferation of tumour cell in mice. 35 Indonesians are known as the largest soybean-consumers, especially in the form of tempe and tofu, in the South-East Asian countries. However, epidemiological studies relating to tempe consumption and the prevalence of cancer, particularly in Indonesia, have not yet been conducted. 36
Conclusion
Diet as a part of lifestyle plays an important role in maintaining nutrition and health. Tempe is considered as a good source of protein, vitamin B12, antioxidants, phytochemical and other bioactive substances. Numerous studies to date strongly indicate that soybean-based tempe offers positive nutritional and health benefits. However, the recommendation of tempe consumption should be based on and supported by scientific experiments which show that tempe has indeed specific beneficial effects in human health. Continued multidisciplinary scientific research will provide a better understanding and further knowledge on the identification of the beneficial components and mechanisms of action, function, nutritional and health aspects of tempe. Furthermore, contribution from nutrition and the food-science community from all over the world to develop tempe from a variety of legumes as a raw material that are nutritious, tasty, acceptable and affordable will help us meet the challenge of health for all towards the 21st century.
